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© A linear surgical stapling instrument (10) in- 
cludes a magazine (72) for holding a plurality of 
undeformed surgical staples (74), and an upper jaw 
(12) carrying the magazine and having opposed dis- 
tal and proximal ends. An anvil (176) is formed with 
staple-deforming pockets (94), and a lower jaw (14) 
carries the anvil and has opposing distal and proxi- 
mal ends respectively configured to mate with the 
distal and proximal ends of the upper jaw thereby to 
place the magazine and the anvil in confronting 
relation. A staple driver mechanism (76,114,116) is 
carried in the upper jaw for driving staples held 
therein toward the anvil. Further, the upper and lower 
jaws are configured such that, when their respective 
distal and proximal ends are mated, a gap exists 
between the jaws in an intermediate region between 
their respective distal and proximal ends. Finally, a 
pivotably mounted clamp bar (42) joins the upper 



and lower jaws and when actuated compresses them 
together in the intermediate region thereby to narrow 
the gap and to increase the clamping pressure be- 
tween the magazine and the anvil. The instrument 
also includes a blocking system (88,86,90) that pre- 
vents the jaws from being remated, once having 
been mated and having had staples in the magazine 
driven toward the anvil. Still further, the instrument 
includes a coupling device (38,46,150-156) for cou- 
pling the jaws and clamp bar together when the 
staple driver is actuated. 
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The present invention relates to a linear ana- 
tomic surgical stapling instrument and a surgical 
staple magazine used therein. More particularly, 
the invention relates to a gastrointestinal anatomic 
stapling instrument, which is also known as a gas- 
trointestinal anastomosis instrument or device, for 
suturing body organs and tissue and to such an 
instrument that includes a system for preventing its 
accidental reuse after a staple cartridge has initially 
been spent. 

Linear stapling instruments provide many 
benefits. However, they also have certain 
drawbacks. For one, they have difficulty maintain- 
ing a constant tissue gap between the jaws after 
the jaws are clamped together, and a high constant 
clamping pressure on tissue between the jaws. 
More particularly, forces created when the staples 
are driven through the tissue into the anvil tend to 
urge the jaws apart and, if not controlled, produce 
unevenly deformed staples and an unsatisfactory 
suture. 

The prior art stapling instrument designs at- 
tempt to counteract such forces by providing a 
cam mechanism for urging the jaws apart at an 
opposite end from where the tissue is clamped. 
The cam mechanism is located in the handle of 
one of the jaws and is actuated by the sliding 
motion of a staple-driving pusher bar or slide. Alter- 
native prior art stapling instrument designs include 
sliding shoes that project into complementary slots 
in the upper and the lower jaws to secure the jaws 
together in opposition to forces otherwise tending 
to urge the jaws apart. However, these mecha- 
nisms for counteracting the forces tending to sepa- 
rate the jaws when the stapling instrument is ac- 
tuated are complex. Moreover, they require rela- 
tively large effort to activate at the beginning of the 
staple-driving operation. Such effort may be phys- 
ically difficult for some surgeons to generate and 
may cause the instrument to jerk abruptly upon 
such actuation while engaged on the body tissue. 

Another drawback of many known linear sta- 
pling instruments is that they lack adequate 
mechanisms to prevent exposure to the knife blade 
when the jaws are open and to prevent a surgeon 
from mistakenly attempting to use the instrument 
when it is loaded with a spent staple magazine. For 
example, if a surgeon performs a procedure with a 
stapling instrument having a spent staple maga- 
zine, no suture will in fact be formed despite the 
surgeon's expectations. Therefore, when he re- 
moves the instrument from the tissue, the wound 
will not be closed and may bleed. 

Some attempts have been made in the prior art 
to address these latter difficulties. For example, 
one attempt relates to surgical staple magazines 
having various safety features designed to prevent 
the reloading or retiring of the magazines once 



spent. 

However, the designs disclosed in that patent 
do not prevent the jaws of the stapling instrument 
from being closed on tissue to be sutured while it 
5 contains a spent staple magazine that has not been 
replaced with a loaded one. Therefore, the surgeon 
may reclamp the instrument and actuate it, expect- 
ing a proper suture to have been formed when it 
has not. 

70 Accordingly, further advances and improve- 
ments in linear surgical stapling instruments are 
needed. 

Accordingly, it is an object of the present in- 
vention to provide a linear surgical stapling instru- 
75 ment having a simple mechanism for maintaining a 
high and constant tissue-clamping force between 
the jaws. 

It is another object of the present invention to 
provide a linear surgical stapling instrument having 

20 a safety feature that prevents exposure of.the knife 
blade when the instrument is assembled and the 
blade is in an advanced cutting position. 

It is yet another object of the present invention 
to provide a surgical staple magazine having a 

25 safety feature that prevents reclosing of the jaws of 
the instrument after it has once been used and the 
staples in the magazine have been spent. 

It is still another object of the present invention 
to provide a method for optimally configuring the 

30 staple driving elements and thereby reduce the 
effort required for the surgeon to operate the instru- 
ment. 

Another object of the present invention is to 
provide an economically improved configuration 
35 for a linear stapling instrument that is thereby easy 
to use. 

These and other objects are achieved by the 
present invention, which in a preferred embodiment 
is a linear surgical stapling instrument including a 

40 magazine for holding a plurality of undeformed 
surgical staples, and an upper jaw carrying the 
magazine and having opposed distal and proximal 
ends. An anvil is formed with staple-deforming 
pockets, and a lower jaw carries the anvil and has 

45 opposing distal and proximal ends respectively 
configured to mate with the distal and proximal 
ends of the upper jaw thereby to place the maga- 
zine and the anvil in confronting relation. A staple 
driver is carried in the upper jaw for driving staples 

so held therein toward the anvil. Further, the upper 
and lower jaws are configured such that, when their 
respective distal and proximal ends are mated, a 
gap exists between the jaws in an intermediate 
region between their respective distal and proximal 

55 ends. Finally, a pivotably mounted clamp bar joins 
the upper and lower jaws and when actuated com- 
presses them together in the intermediate region 
thereby to narrow the gap and to increase the 
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clamping pressure between the magazine and the 
anvil. 

The clamping mechanism in accordance with 
the present invention thus provides constant high 
clamping forces between the upper and lower jaws 
to ensure reliable suturing operation. 

In accordance with another aspect of the 
present invention, the preferred embodiment is a 
linear surgical stapling instrument that comprises a 
magazine for holding a plurality of undeformed 
surgical staples in a linear row, and an upper jaw 
carrying the magazine. An anvil formed with staple- 
deforming pockets therein is carried in a lower jaw. 
The upper and lower jaws are configured to mate 
with each other with the magazine and the anvil in 
confronting relation. A staple driver actuator is 
mounted in the upper jaw for movement from one 
end thereof toward the magazine to operate staple 
drivers and drive the staples from the magazine 
toward the anvil. The actuator includes a coupling 
structure that couples both the upper and lower 
jaws together when the actuator is moved toward 
the magazine. 

Accordingly, the present invention also pro- 
vides a mechanism whereby the jaws are pre- 
vented from opening once clamped about tissue to 
be sutured and the instrument is actuated to drive 
the staples. In this way a knife blade moved with 
the staple driver is shielded when in an advanced 
position. 

In accordance with yet another aspect of the 
subject invention, a preferred embodiment is a 
linear surgical stapling instrument comprising a 
magazine for holding a plurality of undeformed 
surgical staples, and an upper jaw carrying the 
magazine. An anvil, formed with staple-deforming 
pockets therein, is carried in a lower jaw. The 
upper and lower jaws are configured removably to 
mate with each other with the anvil and the maga- 
zine in confronting relation. A staple driver is moun- 
ted in the upper jaw for driving staples held in the 
magazine toward the anvil. Finally, the lower jaw, 
and preferably the magazine, is provided with a 
blocking member for preventing the upper and 
lower jaws from being remated with each other 
after having been once mated and having the sta- 
ples in the magazine driven toward the anvil to 
complete the suture. 

Thus the present invention provides a mecha- 
nism whereby, once the suture has been made and 
the upper and lower jaws have been opened to 
release the sutured tissue, the instrument cannot 
be reclamped to make a new tissue suture until the 
spent staple magazine is replaced. 

In another aspect, the present invention in- 
cludes offset and angled advancers that operate 
staple drivers in at least two rows to drive staples 
to form the suture. The offset of the advancers and 



the angle of their staple driving surfaces are deter- 
mined to minimize peak operating effort required of 
the surgeon to operate the instrument and thereby 
complete the suture. Additionally, at least certain 

5 surfaces of the staple-driving advancers may be 
provided with antifriction pads that still further re- 
duce the operating effort required of the surgeon. 

Toward the same aim, the linear stapling in- 
strument of the present invention is formed with 

w grips at carefully selected locations to properly and 
reliably position the surgeon's hands and fingers 
during operation of the instrument. 

These and other objects, aspects, features, and 
advantages of the present invention will become 

75 apparent from the following detailed description of 
the preferred embodiment taken in conjunction with 
the accompanying drawings. 

DRAWINGS 

20 

Figure 1 is a side elevational view of the linear 
surgical stapling instrument in accordance with 
the preferred embodiment of the present inven- 
tion; 

25 Figure 2 is an exploded perspective view of the 
linear surgical stapling instrument in accordance 
with the preferred embodiment of the present 
invention; 

Figure 3 is a front elevational view of the ac- 
30 tuator for the staple driver carried in the upper 
jaw of the linear surgical stapling instrument in 
accordance with the preferred embodiment; 
Figure 4 is a detailed internal view of a staple 
driving cam surface on an advancer and a simi- 
35 lar head on a number of staple drivers, the 
configuration of which are considered in optimiz- 
ing staple driving forces; 

Figure 4A is a detailed internal view, similar to 
Figure 4, showing how the advancer can be 

40 equipped with an antifriction pad; 

Figures 5 and 6 are a partial side elevational 
view and a partial top plan view, respectively, of 
the housing for the staple magazine in accor- 
dance with the preferred embodiment of the 

45 present invention; 

Figure 7 is a partial side elevational view of the 
staple magazine shown in Figures 5 and 6, 
depicting a safety blocking member in the fully 
deployed position; and 

so Figures 8A through 81 are a set of side 
elevational views showing the sequence of oper- 
ations of the linear surgical stapling instrument 
in accordance with the preferred embodiments 
of the present invention. 

55 The major components of the linear surgical 

stapling instrument, generally indicated at 10, in 
accordance with the preferred embodiments of the 
subject invention are shown in Figures 1 and 2. 
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That instrument includes an upper elongated jaw 
member 12 and a lower elongated jaw member 14 
for gripping therebetween tissue to be sutured. The 
upper jaw member 12 comprises a top housing 16 
which partially encloses an elongated top beam 17 
as best seen in Figure 2. The top beam has an 
inverted U-shape defined by a top wall 18 and side 
walls 20 that can be formed of heavy gauge metal. 
The top beam has an elongated slot 22 in one side 
wall 20 along which a manually manipulatable ac- 
tuator 24 may slide as will be described in more 
detail below. The lower jaw member 14 includes a 
bottom housing 26 that partially encloses a bottom 
beam 170, which similarly may be formed of heavy 
gauge metal, having a U-shaped cross section de- 
fined by a bottom wall 172 and opposing side walls 
174. The bottom housing 26 has a U-shaped cross 
section defined by a bottom wall 34 and side walls 
178. One such side wall 178 of the bottom housing 
26 includes an elongated groove or channel 38 for 
receiving a portion of the actuator 24 in a manner 
described in greater detail below. A clamp housing 
40 is secured over a clamp bar 42, and the assem- 
bly is pivotably mounted on the top beam 17 to 
clamp the upper and lower jaw members together 
by gripping a front clamp pin 184 secured in an 
intermediate region of the bottom beam 170 be- 
tween its distal and proximal ends. The clamp 
housing 40 also includes an elongated groove or 
channel 46 formed in one side for receiving an- 
other portion of the actuator 24, again as will be 
described further below. 

The respective housings 16, 26, and 40 may 
be made of molded plastic. 

Referring now more specifically to Figure 2, the 
components of the first embodiment of the linear 
surgical stapling instrument of the subject inven- 
tion, including the staple magazine, are shown in 
detail. Beginning at the top of the Figure, it will be 
seen that the clamp housing 40 has a top surface 
41 that is contoured to fit a surgeon's hand com- 
fortably and that has a enlarged finger grip 43 at a 
forward end, provided with a non-slip surface. The 
finger grip is formed with a laterally extending ridge 
45 at its forward end that tends to hold one of a 
surgeon's fingers on the forward surface 47 of the 
grip during operation of the device. It will be under- 
stood that the bottom housing 26 also is formed 
with a finger grip 49, having a laterally extending 
ridge 51 that together complement the grip 43 and 
ridge 45 on the clamp housing 40, as seen in 
Figure 1 . Again the ridge 51 tends to hold another 
of the surgeon's fingers on the forward surface 53 
of the grip 49. 

The actuator 24 has a thumb tab 25 having a 
ridge 27 on its rear surface 29 at its outermost 
edge. This ridge 27 similarly aids in locating the 
thumb of the surgeon's opposite hand to actuate 



the device as will the described in greater detail 
below. 

The clamp housing can be snap-fit onto an 
elongated handle 50 defining a major portion of the 

5 clamp bar 42, which may also be formed of heavy 
gauge metal. The elongated groove 46 runs lon- 
gitudinally along the side of the clamp housing. 

The clamp bar 42 has spaced parallel hooks 52 
at the forward end of the handle 50 formed with 

10 pivot pin receiving holes 54 and complementary 
cam surfaces 56 and clamp pin receiving slots 58 
to which the cam surfaces 56 lead. 

The top housing 16 provides a cover for a 
handle portion 60 of the top beam 17. The top 

15 housing is therefore shaped to have a palm rest 
portion 62 and a front upper jaw cover 63 that 
together complement the clamp housing 40 to pro- 
vide a smooth upper surface when the clamp bar- 
housing assembly is closed, as best seen in Figure 

20 1. 

The clamp bar 42 and its housing 40 are 
mounted for pivoted movement on the top beam 28 
by a pivot pin 64 that extends through a lance 66 
punched from the top wall of the top beam 17 and 
25 is received in the holes 54 in the clamp bar hooks 
52. The lance 66 has a narrow width relative to that 
of the top beam and preferably is less than one- 
half the width of the top beam. In this way, the 
rigidity of the top beam 17 at the location where 
30 high compression bending forces are applied, as 
will be described further below, is not undesirably 
compromised. 

In addition, as discussed above, the elongated 
slot 22 in the top beam 17 extends substantially 
35 along the entire handle portion. An identical sym- 
metrically located elongated slot, not shown, is 
formed in the opposite side wall 20 of the top 
beam 17 from the slot 22. That unseen slot pro- 
vides a symmetrically formed top beam and re- 
40 duces top beam torsion therein during operation. 

A stiffening rib 69 may also be provided by 
being pressed in the top wall 18 to add strength to 
the top beam 17 in the region of its distal end. 
The side walls 20 of the top beam 17 are 
45 formed with clamp pin notches 68, in the intermedi- 
ate region between the distal and proximal ends, 
and rear pin notches 70 in the region of the proxi- 
mal ends. Both the clamp pin and rear pin notches 
having widely chamfered openings and respective- 
so ly receive the clamp pin 184 and a rear pin 188 
also carried in the bottom beam 18, as described 
further below. Both of the clamp and rear pins 
project beyond the side walls 32 of the bottom 
beam 28. It will also be appreciated that the side 
55 walls 20 of the top beam are spaced by slightly 
more than the distance between the outer surfaces 
of the side walls 32 of the bottom beam. Therefore, 
the top beam can be received over the bottom 



4 



7 EP 0 545 



beam with the clamp and rear pins and notches fit 
together as described. Accordingly, the clamp pin 
notches and clamp pin and rear pin notches and 
rear pin collectively cooperate precisely to position 
the top and bottom beams with respect to each 5 
other for the stapling operation. 

The inverted U-shaped channel defined by the 
top beam receives a disposable staple magazine or 
cartridge 72, having a housing 78 preferably loaded 
with four rows of staples 74 and two rows of staple w 
drivers 76. The staple drivers 76 can be driven 
downwardly in turn sequentially to form the staples 
54 in the longitudinal rows to define the suture. 

A blocking member in the form of a safety 
spring 86 is mounted at the other end of the 15 
magazine housing 78. The safety spring has a pair 
of coils 88 each of which embraces a knob 90 
extending from opposite sides 77 of the magazine 
housing 78. The spring has a loop that usually 
rests in a retracted position against the housing, 20 
but is released by the sliding action of the actuator 
24 and its associated components as will be dis- 
cussed in detail below. 

The stapling instrument in accordance with 
preferred embodiment of the subject invention is 25 
designed specifically for use with malleable plastic 
or polymeric staples. The polymeric staples that 
are used in conjunction with the subject invention 
are formed in substantially the same manner as 
metal staples and are disclosed in the prior art. 30 

Thus, more particularly, the lower jaw member 
14 includes the bottom beam 170 having a U- 
shaped cross section defined by a bottom wall 172 
and two side walls 174. The bottom beam 170 has 
a tapered shape with a pair of rear pin holes 171 35 
being offset from a pair of clamp pin holes 173. 
The distal end of the bottom beam defines an anvil 
supporting extension 175 shaped to receive a re- 
movable plastic anvil 176. The anvil has a surface 
92 formed with linear rows of pairs of staple for- 40 
ming pockets for deforming staples driven there- 
toward. The anvil surface also includes a longitudi- 
nal slot 96 dividing the rows of pockets 94. The slot 
96 has a floor or ramp, not shown, that slopes at a 
slight angle downwardly toward the nose 100 of the 45 
anvil. 

The plastic anvil 176 can be made of conven- 
tional injection molded plastic material and is de- 
signed to bend plastic staples as described above. 
However, this embodiment can be used with both 50 
plastic and metal staples simply by mounting a 
plastic anvil or a metal anvil in the bottom beam 
170 as appropriate. 

In accordance with the subject invention, the 
magazine housing 78 has an opening 80 in one 55 
end through which a gap pin 82 extends. The gap 
pin is received in a small depression or socket 84 
in the distal end of the anvil 176 beam 28 of the 
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lower jaw member 14 to align the upper and lower 
jaw members when mated together and to maintain 
a minimum gap width between the distal ends of 
the jaw members. 

As noted above, the width of the bottom beam 
178 is such that it fits within side walls 178 of the 
proximal end of the bottom housing 26. An up- 
standing clamp pin anchor 180 and a rear pin 
anchor 182 extend from the bottom housing 
through slots, not shown, in the bottom beam 170. 
A clamp pin 184 extends through the clamp pin 
holes 173 and the clamp pin anchor 180 and a rear 
pin 188 extends through the rear pin holes 171 to 
secure the bottom beam in the bottom housing. 

The extended groove 38 in the bottom housing 
26 runs longitudinally along the handle portion 
thereof. 

Finally, the lower surface 112 of the bottom 
housing 26 is also contoured to be comfortably 
gripped by the surgeon, and, as noted, has the 
enlarged finger grip 49 and laterally extending 
ridge 51 , complementary to the finger grip 43 and 
ridge 45 on the clamp housing 40. 

As can be seen in Figure 2, the bottom beam 
170 is tapered such that the side walls 178 at their 
proximal ends are wider than at their distal ends. In 
this way, the bottom wall 30 slopes slightly upwar- 
dly from the proximal end to the distal end of the 
beam. In addition, the rear pin 188 is offset from 
the clamp pin 184 by being at a higher vertical 
position relative to the top of the bottom beam 170. 
Thus the rear pin 188 is elevated with respect to 
the clamp pin 184 or is closer to the top edge of 
the top beam than is the clamp pin. The rear pin 
notches are configured in a complementary man- 
ner thereby to slightly raise the proximal end of the 
top beam 17 relative to the bottom beam 170 when 
the upper and lower jaw members are mated to- 
gether. 

More particularly, when the upper and lower 
jaw members 12 and 14 are mated together with 
their distal ends abutting each other through the 
medium of the gap pin 82 and pin socket 84, the 
proximal ends of the top and bottom beams are 
spaced by a gap because of the location of the 
rear pin and the depth of the rear pin notches. 
However, when the clamp bar 42 is pivoted from its 
open position to its closed position with the cam 
surfaces underriding the clamp pin 184, the inter- 
mediate region of the top beam is drawn or com- 
pressed toward the same region of the bottom 
beam until the clamp pin 184 resides in the clamp 
pin receiving slots 58 of the clamp bar hooks 52, 
as shown in Figure 1. The clamp pin notches 68 
have sufficient depth relative to the location of the 
clamp pin to accommodate this movement. The net 
effect of this mechanism then is to provide a down- 
ward compression force between the distal ends of 
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the top and bottom beams 17 and 170 between 
their intermediate regions. This compression force 
is created when the clamp bar is fully closed and 
acts to resist the tendency of the upper and lower 
jaw members to separate when the staples are 
being formed. In addition, the configuration of the 
gap pin 82 in the upper jaw member cooperating 
with the socket 84 in the anvil 176 carried in the 
lower jaw, and of the clamp pin 44 in the lower jaw 
member cooperating with the clamp pin notches 68 
in the upper jaw member ensure that the compres- 
sion force results in a desired uniform tissue gap 
between the jaw members between their distal 
ends and intermediate region. 

Of course, structures other than the clamp bar 
described above for creating the compression force 
between the intermediate regions of the top and 
bottom beams and consequently between the distal 
ends of the beams when the clamp bar is closed 
are within the scope of this invention. Further, other 
structures may be contemplated for spacing the 
proximal ends of the beams when the distal ends 
thereof abut each other so that compression be- 
tween the beams in the intermediate region pro- 
duces high clamping pressure between the distal 
ends of the jaw members. 

Accordingly, it will be understood that the 
clamping mechanism of the present invention pro- 
duces in high compression forces between the 
upper and lower jaw members, and tissue residing 
therebetween, at a constant tissue gap that maybe 
be uniform between the distal ends and intermedi- 
ate region of the jaw members. It has been found 
that pressure between the distal ends of the jaw 
members in the range from about 40 to about 60 
pounds is optimal. This pressure can, of course, be 
selected by selecting the particular locations and 
configurations of the gap pin and associated socket 
the clamp pin, clamp pin notches, and clamp bar 
hooks, and the rear pin and rear pin notches. 

Further, this compression force is created be- 
fore the instrument is actuated to insert the surgical 
staples. Therefore, the actuator 24 can be smoothly 
operated with relative low uniform effort to create 
the suture. 

Figure 2 also shows the elements comprising 
the actuator 24 and its associated mechanism for 
driving the staples 74 in the magazine 72 toward 
the anvil surface 92 and for coupling the upper and 
lower jaw members, as well as the clamp bar, 
together all in accordance with the present inven- 
tion. More particularly, the actuator mechanism in- 
cludes a left advancer 114 and a right advancer 
116 for actuating the staple drivers 76 in the staple 
magazine, secured in slots 118 and 120 in an 
actuator mount 122. The right and left advancers 
each include a cam surface 124 for contacting the 
staple drivers and forcing them downwardly when 



the advancers are moved from right to left as 
shown in Figure 2. An optional knife mount 126 
may also be operated with the actuator mechanism 
and is used in conjunction with a cutting blade 128. 
5 The knife mount 126 includes outer slots 130 
through which the right and left advancers extend 
before being secured in the actuator mount 122. A 
knife advancer 132 is secured in a middle slot 134 
in the knife mount 126. The angled cutting blade 
to 128, which may be canted upwardly and back- 
wardly, is attached to the lead end of the knife 
advancer 132. A guide 136 is secured at an inter- 
mediate position in the top beam and provides a 
guiding slot 138 for guiding the knife advancer 132 
is and guiding slots 140 for guiding the right and left 
advancers 116 and 114 through the top beam. The 
knife advancer 132 includes a trip bump 142 for 
actuating the safety spring as will be discussed 

20 ^ The actuator 24 is mounted with the upper jaw 
member and is connected to the actuator mount 
122 to drive all of the advancers as follows: 
Referring more particularly to Figures 2 and 3, the 
actuator 24 includes a driving finger 144 that fits 
25 through the slot 22 in the top beam 17 and has an 
upturned lip 146 that is snap-fit behind a connect- 
ing bar 148 in the actuator mount 126. An upper 
coupling finger 150, shown in Figure 3 but which 
cannot be seen in Figure 2 and which is a channel 
30 follower, is directly aligned with an entrance 156 at 
the proximal end of the groove 46 in the clamp 
housing 40 for sliding movement therein when the 
clamp housing is closed and when the actuator 24 
is advanced, or fired, from right to left. Similarly, a 
35 lower coupling finger 152, which also cannot be 
seen in Figure 2 and also is a channel follower, is 
positioned below the driving finger 144 and is posi- 
tioned to be received in and slide in the channel 38 
of the bottom housing when upper and lower jaw 
40 members are clamped together and the actuator 24 
is fired. An entry way 154 is formed at the proximal 
end of the channel 38 to receive the lower coupling 
finger 152 when the jaw members are closed, 
thereby to align the finger 152 with the elongate 
45 run of the channel 38. In this way, when the ac- 
tuator is in the ready-to-fire position, as shown in 
Figure 1, the top beam 17 is free to pivot about 
rear pin 188. However, when the actuator is fired 
and the cutting blade 128 and cam surfaces 124 
so are advanced forwardly by the actuator and asso- 
ciated advancers, the lower coupling finger 152 will 
be received within the channel 38 and the upper 
coupling finger 150 will be received within groove 
46, thereby preventing the jaw members from be- 
55 ing separated and the clamp bar from being 
opened. 

Thus, the present invention incorporates an im- 
portant safety feature that prevents the operator of 
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the stapling instrument and the patient from being 
exposed to the advanced cutting blade 128. 

The present invention also contemplates a 
method by which the surgical stapling instrument 
can be configured so that staple forming forces are 
optimized. In this way, the effort required of the 
surgeon to advance the actuator can be minimized. 

It is known that advancers such as 114 and 
116 may be mounted so that their respective cam 
surfaces 124 offset, as shown in Figure 2. In this 
way, staples in opposing rows in the magazine 72 
are not driven simultaneously, but alternatingly, 
thereby to reduce the operating effort. This rela- 
tionship is shown in the prior art. The present 
invention seeks to enhance the benefit of such 
offset mounting by optimizing it in cooperation with 
the advancer driving wedge angle. As shown more 
specifically in Figure 4, each staple driver 76 in the 
magazine 72 has a driving head 73 formed at an 
angle a to the horizontal. The cam surfaces 124 of 
the advancers 114 and 116 are formed at a similar 
angle a. The forming forces exerted by the advanc- 
ers on the stapler through the drivers are non- 
linear. That is, a first forming force curve as a 
function of time rises to a peak when the staple 
points hit the anvil and rapidly drop as the legs 
buckle, as depicted in Figure 4. The force curve 
rises again to a second lesser peak as the legs are 
forced inwardly again as depicted in Figure 4. Thus 
the cam surface-driving head angle a is optimized 
for the force curve that exhibits the lowest peak 
force as a function of time. 

A similar second force curve may be deter- 
mined dependent on the offset of the advancer 
cam surfaces 124 relative to the back span A of 
each staple and the pitch B between adjacent 
staples. The offset is thus optimized for the force 
curve that again exhibits the lowest peak force as a 
function of time. 

Accordingly, the present invention contem- 
plates providing an advancer cam surface angle a 
and adjacent advancer cam surface offset repre- 
sented by the respective first and second force 
curves, the sum of which results in the lowest peak 
force. 

For example, it has been found that for metal 
staples having a 3 mm backspan A, shown in 
Figure 4, spaced at a 4 mm pitch B, driving forces 
are optimized at a cam surface angle a equal to 
20' and an advancer offset equal to 2 mm. 

Still further, the tops of the advancers will ride 
on the inside top surface of the top beam 17, which 
thus acts as a reaction surface, when the advanc- 
ers are driven forwardly to drive the staples toward 
the anvil. It is known to coat one or both of the top 
of the advancers and inside top surface of the top 
beam with an antifriction material. However, in ac- 
cordance with the present invention a pad or block 



of antifriction material, such as Teflon® 
(polytetrafluoroethylene), is provided on the ad- 
vancer to engage the inside top surface of the 
beam 17. More particularly, as shown in Figure 4A 

5 each advancer 114, 116 is formed with a notch 125 
in its upper surface. An antifriction pad 127 is 
received in the notch and may be mechanically 
secured therein, for example, with an adhesive. 
The pad is adapted to slidable engage the inside 

70 top surface or reaction surface 129 of the top beam 
17. As is apparent from the figures and as shown 
in Figure 4A in detail, the reaction surface 129 
confronts the top surface of the advancer 114, 116 
and antifriction pad 127 opposite the engagement 

75 of the cam surface 124 with the driving heads 76. 
The pad 127 should have a width larger than the 
thickness of the advancer 114, 116. For example, 
the notch 125 may be 0.500 inch long and 0.200 
inch deep, and the advancer may be about 0.060 

20 inch thick. The pad 127 may then be .495 inch 
long, 0.025 inch thick and 0.120 inch wide. Thus 
the pad provides a relatively wide bearing surface 
for sliding on the reaction surface 129 that cannot 
be obtained merely by providing antifriction coat- 

25 ings on various surfaces. Moreover such coatings 
may be subject to abrasion and consequent dete- 
rioration. Therefore, the present invention provides 
a substantial improvement over the prior art. 

As will be explained in greater detail below, the 

30 linear stapling device in accordance with the 
present invention may be used with malleable, 
polymeric staples. However, such polymer staples 
typically require high forces to deform them than 
do conventional metal staples. It has been found 

35 that the staple forming force required to deform 
polymer staples is reduced by about 15 percent 
when the antifriction pad arrangement described 
above is used. More particularly, it has been found 
that the force required to deform polymeric staples 

40 with conventional advancers is about 15 pounds, 10 
of which are required to achieve actual staple de- 
formation and 5 of which are required to overcome 
friction between the advancer and the top beam. 
However, when an antifriction pad in accordance 

45 with the present invention is used, the force re- 
quired to overcome friction is reduced to about 2.5 
pounds. 

The mechanism for preventing reuse of the 
linear surgical stapling instrument in accordance 

50 with the present invention after it has been fired but 
before the spent staple magazine has been re- 
placed, will now be described with reference to 
Figures 5, 6 and 7. For simplicity, these figures, 
which are reversed from Figures 1 and 2, only 

55 show the relationship between the staple magazine 
72 and the knife advancer 132. Figure 5 shows the 
knife advancer 132, trip bump 142 and cutting 
blade 128 of the stapling instrument, and the proxi- 
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mal end of the staple magazine 72. The cutting 
blade is shown in its ready-to-fire position, strad- 
dled by the sides 77 of the staple magazine hous- 
ing 78 and the safety spring 86. As noted above, 
the safety spring 86 has coils 88 mounted on 
knobs 90 of the staple magazine housing 78 with a 
first extension 158 maintained in a stationary posi- 
tion against stop 160 and a second loop extension 
162 temporarily held by projecting ridges 164 on a 
latch 166. The spring force of the safety spring 
biases the loop extension to rotate in a coun- 
terclockwise direction. Figure 6 is a top view of the 
staple cartridge and illustrates an optional flag 168 
that can be attached to the safety spring 86. 

Referring now to Figure 5, when the knife ad- 
vancer is moved forwardly from left to right in this 
view by sliding action of the actuator 24, the trip 
bump 142 pushes the second loop extension 162 
toward the knobs 90 to bow the back 169 of the 
loop and release the second loop extension 162 
from the projecting ridges 164. At this point, the 
unlatched safety spring is actuated but retains its 
L-shape because the second loop extension hits 
the top wall 30 of the bottom beam 28 when the 
upper and lower jaw members are closed together. 
However, when the stapling operation is completed 
and the upper and lower jaw members are opened, 
the safety spring will fully deploy to the position 
shown in Figure 7. The safety spring in the fully 
deployed position thus will prevent the jaw mem- 
bers from being reclosed, until the spent staple 
magazine is replaced with a loaded magazine. In 
this way, the jaw members cannot be inadvertently 
reclosed on tissue to be sutured while the spent 
cartridge remains in the stapling instrument. 

The sequence of operation of the linear sur- 
gical stapling instrument in accordance with the 
preferred embodiments of the present invention is 
shown in Figures 8A through 81. Figure 8A shows 
the upper and lower jaw members 12 and 14 
unmated from each other, and Figure 8B shows the 
upper jaw member pivoted about the rear pin 188 
of the second jaw member whereby the jaw mem- 
bers are partially mated. In both positions shown in 
Figures 8A and 8B, the upper and lower jaw mem- 
bers may be maneuvered to position the body 
organ or tissue to be sutured therebetween. 

Figures 8C to 8E show the clamping of the 
upper and lower jaw members together. With the 
upper and lower jaw members in a closed position, 
clamping is initiated by rotating the clamp bar 42 
clockwise about the pivot pin 64. Figure 8D shows 
the cam surfaces 56 of the clamp bar hooks 52 
underriding the clamp pin 184 anchored in the 
bottom housing 178. The stapling device is fully 
closed when the clamp bar is positioned flush 
against the top housing 16 and the clamp pin 184 
is resting in the clamp pin receiving slots 58 of the 



hooks 52. In this attitude, as shown in Figure 8E, 
the actuator 24 is in the ready-to-fire position. 

To fire the stapling device, the surgeon grasps 
the device in one hand with, for example his or her 
5 index finger on the front surface 47 of the finger 
grip 43 below the ridge 45 and with his or her 
middle finger on the front surface 53 of the finger 
grip 49 above the ridge 51. The actuator 24 is 
pushed leftwardly in the direction of arrow A, as 
70 shown in Figure 8F, by the thumb of the surgeon's 
other hand engaged on the back surface 29 behind 
the ridge 27. This motion slides the actuating 
mechanism through the top beam, where the cam 
surfaces 124 on the left and right advancers 114 
75 and 116 sequentially depress the staple drivers 76 
to drive the staples 74 through the tissue clamped 
between the jaws toward the anvil surface 92. Si- 
multaneously, the knife advancer 132 advances the 
cutting blade 128 between the slot 96 in the anvil 
20 surface 92 to cut the sutured tissue immediately 
after the tissue has been stapled. More particularly, 
as shown in Figure 2, the length of the knife 
advancer 132 is less than that of the right and left 
advancers 116 and 114. With this arrangement, the 
25 cutting blade 128 lags behind the cam surfaces 
124 and does not cut the tissue until it has been 
sutured. Because the cutting blade 128 is angled 
upwardly and backwardly as shown in the figures, 
the blade tends to move downwardly and the blade 
30 advancer tends to flex downwardly as tissue is 
encountered by the blade. Further this downward 
blade movement is guided by the floor below the 
slot 96 in the anvil which, as noted, slopes down- 
wardly toward the nose 100. Thus a fresh blade 
35 cutting surface is maintained on the tissue. This 
feature allows for cleaner cutting of the tissue. 

As will be appreciated, when the actuator 20 is 
in the ready-to-fire position shown in Figure 8E, the 
lower coupling finger 152 on the actuator 24 is 
40 aligned with entry way 154 to the channel 38 in the 
bottom housing, and the upper coupling finger 150 
is aligned with the entrance 156 of the groove 46 in 
the clamp housing 40. When the actuator is fired, 
the lower coupling finger 152 becomes engaged in 
45 channel 38. Similarly, the upper coupling finger 150 
becomes engaged in groove 46 in the clamp hous- 
ing 40. This interengagement prevents the upper 
and lower jaw members from being separated and 
the clamp housing and bar from being opened, 
50 thereby to protect the stapling instrument operator 
and the patient from unwanted exposure to the 
cutting blade. 

To release the jaw members from the sutured 
tissue, the actuator 24 is slid in the direction of the 
55 arrow B in Figure 8G and the clamp bar 42 is lifted 
as shown in Figure 8H. When the jaw members are 
separated, the safety spring 86, which has been 
tripped extends to its fully deployed position as 
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shown in Figure 7, making it impossible to reclose 
the jaw members. The spent staple cartridge may 
then be removed as shown in Figure 81, and re- 
placed with a loaded cartridge having a retracted 
safety spring so that the stapling device is made 
ready to be used again. 

Accordingly, it wil! be readily understood that 
the present invention has many aspects and fea- 
tures that provide significant improvements over 
known linear surgical stapling instruments. 

Although specific embodiments of the present 
invention have been described above in detail, it 
will be understood that this description is merely 
for purposes of illustration. Various modifications of 
and equivalent structures corresponding to the dis- 
closed aspects of the preferred embodiments in 
addition to those described above may be made 
by those skilled in the art without departing from 
the spirit of the present invention which is defined 
in the following claims, the scope of which is to be 
accorded the broadest interpretation so as to en- 
compass such modifications and equivalent struc- 
tures. 

Claims 

1. A linear surgical stapling instrument, compris- 
ing: 

(a) a magazine for holding a plurality of 
undeformed surgical staples; 

(b) an upper jaw carrying said magazine; 

(c) an anvil formed with staple-deforming 
pockets therein; 

(d) a lower jaw carrying said anvil, said 
upper and lower jaws being configured re- 
movably to mate with each other with said 
anvil and said magazine in confronting rela- 
tion; 

(e) means mounted in said upper jaw for 
driving staples held in said magazine toward 
said anvil; and 

(f) means for preventing said upper and 
lower jaws from being remated with each 
other after having been once mated and 
having said staples in said magazine driven 
toward said anvil by said driving means. 

2. The linear surgical stapling instrument, accord- 
ing to Claim 1 , wherein: 

said upper jaw has opposed distal and 
proximal ends; 

said lower jaw has opposing distal and 
proximal ends respectively configured to mate 
with said distal and proximal ends of said 
upper jaw thereby to place said magazine and 
said anvil in confronting relation; said upper 
and lower jaws being configured such that, 
when their respective distal and proximal ends 



are mated, a gap exists between said upper 
and lower jaws in an intermediate region be- 
tween their respective distal and proximal 
ends; and wherein said instrument further com- 

5 prises: 

means carried in said upper jaw for driving 
staples held therein toward said anvil; and 

clamping means for compressing said up- 
per and lower jaws together in the intermediate 

70 region thereby to narrow the gap and to in- 

crease the clamping pressure between said 
magazine and said anvil. 

3. The linear surgical stapling instrument, accord- 
75 ing to Claim 1 , further comprising: 

a clamp bar mounted with one of said 
upper jaw and said lower jaw for movement 
between a clamping position in which it clamps 
said upper and lower jaws together when 

20 mated with each other and a release position 

in which it releases said upper and lower jaws 
from each other; and 

drive means mounted in said upper jaw for 
movement from one end thereof toward said 

25 magazine to drive said staples from said mag- 

azine toward said anvil, said drive means in- 
cluding coupling means coupling both said up- 
per and lower jaws together and coupling said 
clamp bar in the clamping position when said 

30 drive means is moved from the one end to- 

ward the magazine. 

4. The linear surgical stapling instrument accord- 
ing to Claim 1 , wherein: 

35 said magazine holds a plurality of undefor- 

med staples in at least two rows; and wherein 
said instrument further comprises: 

at least two rows of a plurality of drivers, 
each having a driving head and each for driv- 

40 ing at least one staple from said magazine 

toward said anvil to be deformed thereby; and 
at least two advancers each having a cam 
surface engageable with the driving heads of 
the drivers in one said row, whereby said ad- 

45 vancers drive said drivers and in turn said 

staples toward said anvil when operated; said 
cam surfaces engaging said driving heads at 
an engagement angle and said cam surfaces 
being offset relative to one another by an off- 

50 set distance; said engagement angle and said 

offset distance being selected from a plurality 
of engagement angles and offset distances, 
respectively, such that minimum peak force is 
required to operate said advancers to drive 

55 said staples. 

5. The linear surgical stapling instrument, accord- 
ing to Claim 1 , wherein: 
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said upper jaw has opposed distal and 
proximal ends, said upper jaw being formed 
with a first protruding finger grip between its 
distal and proximal ends and having ridge 
means for locating a surgeon's finger on a 5 
surface of said first finger grip generally facing 
said distal end; and 

said lower jaw has opposed distal and 
proximal ends, said lower jaw being formed 
with a second protruding finger grip between io 
its distal and proximal ends and having ridge 
means for locating another of the surgeon's 
fingers on a surface of said second finger grip 
generally facing said distal end. 

rs 

6. The linear surgical stapling instrument accord- 
ing to Claim 1, wherein: 

said upper and lower jaws are configured 
removably to mate with each other with said 
anvil and said magazine in confronting relation 20 
with tissue therebetween; and wherein said in- 
strument further comprises: 

cutting blade means, having an edge for 
cutting tissue between said anvil and said 
magazine; 25 

means for advancing said cutting blade 
means through tissue between said anvil and 
said magazine; and 

means for guiding said cutting blade 
means to expose different portions of said 30 
edge of tissue while said cutting blade means 
is advanced by said advancing means. 

7. The linear surgical stapling instrument accord- 
ing to Claim 1 , wherein said preventing means 35 
comprises a block member, latch means se- 
curing said block member in a retracted posi- 
tion in which said upper and lower jaws are not 
restricted from being mated together, said 
latch means being operatively associated with 40 
said drive means to release said block mem- 
ber from said retracted position when said 
drive means is actuated to drive staples held in 
said magazine toward said anvil, and means 
for urging said block member from said re- 45 
tracted position toward an obstructing position 
when said upper and lower jaws are unmated 
from each other in which said upper and lower 
jaws are prevented from being remated with 
each other. 50 

a The linear surgical stapling instrument accord- 
ing to Claim 7, wherein said magazine is re- 
movable from said upper jaw, after having sta- 
ples driven therefrom, for replacement with an- 55 
other magazine holding staples, and wherein 
said preventing means is mounted with said 
magazine. 



. A method of using a linear surgical stapling 
instrument, in accordance with Claim 1, by 
optimizing the force required to operate at 
least two advancers in said linear surgical sta- 
pling instrument, each of the advancers having 
a cam surface engageable at an angle with a 
driving head on a staple driver that when op- 
erated thereby drives staples in at least two 
rows, said method comprising the steps of: 

(a) determining the force required to op- 
erate the advancers as a function of time at 
a plurality of offset distances between the 
cam surfaces of the advancers, thereby to 
produce a plurality of first force curves; 

(b) determining the force required to op- 
erate the advancers as a function of time at 
a plurality of engagement angles between 
the cam surfaces and the driving head, 
thereby to produce a plurality of second 
function curves; 

(c) selecting the offset distance and en- 
gagement angle, the force curves of which 
when summed require minimum total peak 
operating force; and 

(d) providing the advancers in the stapling 
instrument with said selected offset distance 
and providing said cam surfaces and said 
driving heads with said selected engage- 
ment angle. 

10. The linear surgical stapling instrument accord- 
ing to Claim 1, further comprising: 

antifriction means cooperating with said 
staple driving means for reducing friction dur- 
ing operation thereof. 
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